Several authors1'2 have reported differential plots of the rate of cooling versus the temperature of waxes. Lange and Jochinke, 3 Smith et al.,4 Lorant, 5 and Uchida6 used differential thermal analysis for examining phase changes in a variety of waxes, whereas Martin et al.7 studied infrared absorption as a method for determining phase changes. Since phase changes generally result in dimensional changes, the temperatures at which the phase changes occur in waxes and the influence of adding one wax to another are important in understanding the behavior of waxes. Differential thermal analysis (DTA) offers a useful tool in the study of phase transitions. This study examines the temperature of phase transitions for various commercial, dental, and combined waxes. Thermograms of paraffin and carnauba wax and combinations of these waxes are shown in Figure 3 ; those of paraffin and beeswax are given in Figure 4 test, and, when all three peaks were used for 100 percent paraffin and a combination of 75 percent paraffin and 25 percent carnauba wax, they were statistically different than those for the combinations containing 50 and 75 percent carnauba wax at the 0.01 level. When only the melting transition was considered, the mixture containing 75 percent carnauba wax was the only sample that differed (about 1.5°C. lower) from the combinations containing carnauba wax or from paraffin at the 0.01 level.
The analysis of variance for the peak temperature as a function of waxes was determined for carnauba wax and combinations containing paraffin wax. An F3,32 of 115.5 was greater than 4.51, the critical value at the 0.01 level, which showed that the peak temperatures were different for these waxes.
Ranking, as before, showed that combinations of carnauba and paraffin wax had the same peak temperatures but that the peak temperatures for pure carnauba wax were different ( percent paraffin had peaks characteristic of both waxes whereas, in the thermogram for 50 percent each of beeswax and paraffin wax, the paraffin wax suppressed the peaks associated with beeswax.
The effect of additions of carnauba or beeswax to paraffin wax on the onset and completion of melting, as indicated by the thermograms, is shown in Figure 5 , and the melting ranges for the various combinations are given in Figure 6 . The most noticeable features of these data are the great effect of small additions of carnauba wax on increasing the melting range. Also, major additions of carnauba or beeswax to paraffin wax had little influence on the onset of melting, and beeswax had less effect on the completion of melting than did carnauba.
Thermograms of ester waxes, candellila, ouricury, and montan, are shown in Figure  7 , with melting transitions at 65°, 820, and 83 C., respectively. Candellila and ouricury wax had a melting range of 33°C., whereas montan wax had a melting range of 450C. WI' w ranges of 450 and 60'C., respectively. Ceresin wax had transitions at 34°and 370C. which were reminiscent of those of paraffin wax.
The thermograms of three dental inlay waxes (A,* B,t Ct) are shown in Figure 9 . The hydrocarbon waxes used in their compounding had melting transitions between 580 and 600C. Discussion Comparison of published thermal analysis measurements'-" for paraffin wax indicates a similarity with those attained in this study except, previously, none or one rather than two solid-solid transitions were reported. The two solid-solid transitions may be explained on the basis of the crystal structure of paraffin wax.9-11 As shown by radiographic studies, paraffin wax crystallizes from the melt in hexagonal close-packed structure with the long axis perpendicular to a basal plane. Odd-numbered paraffin hydrocarbons transform from hexagonal to orthorhombic with the long axis perpendicular to the basal plane. Low and high molecular weight even-numbered paraffin hydrocarbons transform to triclinic or monoclinic lattice. Thus, the two solid-solid transitions could result in a paraffin wax having a combination of odd-numbered and even-numbered hydrocarbons that transform to the hexagonal lattice on heating, thus giving only one solid-liquid transition.
More transitions were detected in the present study than in previously reported studies of hydrocarbon and ester waxes, thus indicating the improved sensitivity of the differential thermal analyzer. Interpretation of the various peaks from thermal analysis alone is not possible. and dental materials where it is reported that 2 percent to 3 percent of carnauba wax will increase the melting point of paraffin wax 150 to 200C. The principal result of adding these waxes, particularly carnauba, to paraffin is an increase in the melting range. This combination provides a system in which the paraffin wax melts, but the matrix of carnauba wax provides a viscous solid that can be described as a gel. The thermograms for combinations of paraffin and carnauba wax indicated the data could be used to analyze combinations for these ingredients, but similar data for combinations containing paraffin and beeswax illustrated that quantitative analyses could not be obtained and qualitative analyses would be in question. As shown in Figure 9 , the dental waxes were composed of a hydrocarbon wax with a melting point of 570 to 600C., and of a plant wax (probably carnauba) with a melting point, corrected for the influence of hydrocarbon wax, of 80°to 820C. The repression of the peak at 440C. with wax C suggests the presence of beeswax.
Candellila, ouricury, carnauba, and montan waxes and beeswax had transitions between 50°and 70 The major influence of small additions of carnauba to paraffin wax was a pronounced increase in the melting range; addition of beeswax to paraffin wax did not produce comparable results.
The three transition temperatures of paraffin wax have been interpreted in terms of crystal structure from published radiographic values. The two solid-solid transitions at 3 2°and 3 5 GC. have been interpreted to represent the transformation of some hydrocarbons from hexagonal close-packed to orthorhombic structure and others from hexagonal to monoclinic or triclinic structure.
Thermograms for dental waxes were interpreted in terms of those obtained for natural waxes. It was observed that DTA would not be suitable for quantitative analysis and, at times, questionable for qualitative analysis of waxes. Thermograms of natural and one synthetic wax were discussed in terms of their possible use in dental applications.
Melting transitions from DTA were in good agreement with capillary tube melting points, and the solid-solid transition showed a general relationship to discontinuities in thermal expansion curves.
